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(54) Ziprasidone formulations 

(57) Compositions comprising crystalline ziprasi- 
done free base or crystalline ziprasidone hydrochloride 
particles having a mean particle size less than 85 urn, 
and a pharmaceutically acceptable carrier, are substan- 
tially bioequivalent and can be used to treat psychoses 
such as schizophrenia. 
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Field Of The Invention 



formulation. 9 max,mum sae cutoff - and to a method of treating a psychosis with such a 
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Backgroun d Of The Inwntinn 

[0002] Ziprasidone is a known compound having the structure: 
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It is disclosed in U.S. patents 4,831 031 and 5 312 co* K rt «, ~t . 

entirety. has utility as a neuroleptic and s tnus u^^n^ r m h&&n incor P° rated * reference in their 

hydrochloride acid addition SmSJEKE^^ EST " 3 ^ P5ychotic - * is administered as the 

which favorabty affects bioav^abSy tSSSSS ZSST h^T " ^ " " 3 "* ^ability *» a factor 
a factor which unfavorably affects bfoava«S ^ h ° WWer ' 15055655 aqueous solubility. 

f^ro^S^n^ruslnS S52rSr^ «*» from • perspective: Typ- 

factants. and/or (2) foZ.a^ *** ^ «**■* *» ^ 

facilitate more rapid dissolution The later niS?^ * mcreasin 9 the .surface area of the drug to 

challenges, howler ^ 030 preSent drff,cu,t and formulation and quality corrtrol 

Summary Of The Invention 

equal to or less than about 85 M m extSffidS^^S?^ ^ converuence) having a mean particle size 
prising particles of ziprasidone ^^b^^^^T^^^ **V**>9c pH. Surprisingly, formulations com- 
tially bioequivalent. meaning SSSSi SSSS^SmSSStS^ *"!~ thanabout8 5^ are substan- 
independent of particle size belowS 85 £ StiSSr'r" 2 ^ ,ar ^ 
comprising crystalline ziprasidone free bas7o?TrvS,2 XL J? Tl Pr0VK,eS 8 P^^eutical composition 
size equal to or ,ess ttJabout* ^1^1^^^ 3 mMn 
ent or carrier. It is preferred that the ziprasidone ^rtd^Tll ^^'f ^ 3 ^a^aceutically acceptable dilu- 
noted the notation D x means that £ offh J£SS^J3?JS 6XCeed, ' n9 1? ° ^ B * 
1 70 M m means that 90% of the particles in a rinracw™! 1 diameter less than a specified diameter D. Thus a D 90 of 

[00051 A prefened mean SS^^^SS^ZSZ^ *T* 3 ,e5S 1 70 ^ 

tide sizes preferred for use in the ^^T^JT^^^sl^^ 50 ^ ^ ^ * mean *~ 
and most preferably 5 to 30 urn The particle siz k P . V 5 to 50 «*" more preferably 5 to 40 pm, 

with Malvern light scattering """" «" " 11,6 claims refer *> Particle sizes determined 

o^^trr^ 

ziprasidone hydrochloride^cfeThalg a rJSSLS S^. er T'^ *» 1,do ~ free base « crystalline 
vern light scattering, and ^r^^y ^^t ^ZT^ Z "V™ **** 85 " m 35 measured bv Ma «- 
^ iSS^^ « be — -i any active 
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and therefore appears to be largely independent of it. Thus ziprasidone free base or zipraskJone hydrochloride «,n 
ormulated^n a composition having a reasonable particle size which is easily ^aSS «Sl m T 

hydWcltort. mrm*j*a») is placed In a USP-2 apparalus containing 900 ml ol 0.05 M IWVPoL ta£ 

SKS*^ Mn "* dettm * ed 5 HPLC, as herd nana! dVscS^ ™ Ur " " < ' SSOlVed 

^™Li'r , "^"" ,a r ,OM "^^ Thus 

aS.om S e^ S ^ .r^' 0 "* 0 C ° mpriSin9 the than SS StK!2&i?SSS: 

scot of" : i^oT t0 ***** *~ **** SiZ6 COnSfrainte de,ined he - in - *• ^Position VJK £ 

E , Re,er !" C ! 1 to 2 j prasidone ,ree ba se or to ziprasidone hydrochloride particles having "a mean particle size" 

all the subjects .n a patent population and are. therefore, mean values averaged over the Se^^uTafoTc 

^teTat m " ,mUminaP,rt0fSerUm '^ 

40 S be vfew^nait^ of course otherwise we., understood in the art. The invention can 

tSHi~™n« ,n f lter " at,ve t erms as a composition comprising crystalline ziprasidone particles having a mean oar- 
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herein incorporated by reference ^ d,rec1ly wa fte synthesis described in US. 5 338 846 

or less than about 85 urn. For «SST5 S£ sSf^T TP 1 " "■"■"J ■ particle size equal to 
as generally described in US patent 4.831 S^ pScS^ ISL* ^ the free 13356 aaueo ^ HQ, 
whrch have been uttoed for the production of zipraS^h^ ^L^ ° preferred ^tallization process options 
studies exemplified herein. The process ^ich ST^S^T^ 6 CrySt3,S for 1,16 »°equivJence 
compnses suspending ziprasidone free base as a iJ^T a S^S* lyp,Ca " y a VMD of **** 5 to 30 pm. 
major component of the solvent mixture is ^^ZITXSZL*^^™ and «■ ^ereCe 
for several hours depending on the scale (lab or oroduSSv^ form the Mrochtoride. and refluxing. usually 

ically 13-17 (water) to 0-5 (THF). This^s SSSS^JJStT* 1 ^ ^ (V/V) <* ** ter to ■» ^ 

reflux so that mechanical reaucWn^ to a 2£ 

hydrochloride monohydrate salt. Once addit,X tftt?H^^^ HCI solution is added to form the 

soiutoa Srnce reflux temperature is usually about 65 X Sva ' 'T^ form and start *° *op out of 

Although rt ,s generally desirable to avoid reflu TfoVlarqe^vtL. sS^ ° f 60 " 64 °° iS e ^'°yed/rmintained. 
employed to even outternperatureinthereactionv^^ agrtation such as slow stirring can be 

scale (e.g., benchtop or production) being inple^eS M^Tn^™^" 9 * 3pp "' ed de P** °" the 
Once heating is completed, the reaction is rxSeTpTefia^ si SS^IV^. *° m 3 ,eW minutes to several hours, 
at least four hours at production scale, until room EmKStSSE l £ 0d * * ,east 2 houre - ***** 

arger particle size lots. In general, enriching the sS n THF w^^S * ™ S ""'^ teD W several 

tic.es havrng a VMD of 50-150 urn can be P^^S!^^TTSX^ ** Genera,,y - ,arQe P*- 

further reduces crystal breakage. Use of S1EEI£ES 21* ^- Additi ° na " y - usin 9 a *"» «e ofTgitation 
Two factors which also have been found to tehZS'S concentrated HCI further increases crysfal size, 
and (2) having a stir period after an wJS^^^Jj^^ ^ [«> ***B *• addition of*, acid, 
pnor to the remaining HCI being charged, A detaTed exoerim^J 1 * "P™* <6W Seed «"» generated 

[0018] The process of preparing large iS^e^ZS^ 18 in the Examples, 

accordingly provided as a further SatJJ cXmv^ "K? 85 'l***"** abwe fe be,i wed to "cvel. and is 
tats of ^prasidone hydrochtoride monohy^rLt" 

1) dissolving ziprasidone free base in a solvent comorisina THF anri . • 

volumes of THF to about 1 .5-8 volumes of water 3 vo,ume ratio ° f about 22-35 unit 

2) heating the solution resulting from step (1)- 

2 ^S" 9 H 01 to 0,6 SO,Ution resultin 9 from st'ep (2); and 
4) coohng the solution resulting from step (3) 
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toSSs ^Ti'i" 9 2iprasktone ,ree base or ketone hydrochloride having a mean particle size less 

so The granulation is then further blended as Tdescrih^ JZTf ?T;. • f and m,,,ed t0 form a granulation, 

(magnesium stearate 0 S%ZL)^£j? a ^Z? I V° Foitowin9 blendin 9 additional '""ricant 

be sampled if de JS' Siofto for L^Sf <Cl ^7 COntnued ,or an addrt, "°" al ^ minutes. The mixture can then 
sulation rnachine ^ * enCa P su,a,,n 9 conventionally using, for example, an H&K or Bosch encap- 

25 [S Sea^n^^ 

value ol ,ouS°20% ^s^SST^fS^! » ,ne5u *! re, »« «*™ »» moaouren^oell .rtlan obscuration 
10027] ^^of^^^clonoambodotrOTir^ 
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assay to determine ziprasidone solubility, the amount of dissolved ziprasidone can be determined by using a suitable 
chromatographic column such as a Zorbax® Rx C 8 Reliance (Mac-Mod Analytical Inc.. 127 Common Court, PO Box 
2600. Chadds Ford, PA 19317). 4.0 x 80mm column with an isocratic mobile phase consisting of 45% acetonitrile and 
55% 0.05 potassium dihydrogen phosphate buffer, pH 6.5, at a flow rate of 1 .0 ml/min at 40 °C. Detection can be by UV 
5 ' absorption at a wavelength of 215 nm. Quantification can be effected facilely by comparison of HPLC peak height (or 
area) with the peak height (or area) taken from a standard plot of concentration vs. peak height (or area) for standards 
of known concentration. As is conventional, the ziprasidone standard concentrations are selected to fall within a linear 
range of concentration vs absorbance for the UV detector employed. 

[0028] The invention is further exemplified and disclosed by the following non-limiting examples: 

10 

Example 1 

[0029] To illustrate the invention, a human pharmacokinetic open, randomized, three period, two treatment crossover 
study at steady-state conditions with no wash-out period was conducted in which two ziprasidone capsule lots (identical 

15 compositions, identified in Table 1 as Example 3), each comprising 20 mg activity of ziprasidone but having different 
ziprasidone hydrochloride particle size, were administered to a total of 1 4 healthy subjects, both male (1 1 patients) and 
female (3 patients). Subjects were dosed orally twice daily (1x20 mg capsule, 12 hours apart) in the fed state immedi- 
ately after consuming an identical breakfast or evening meal. Doses were administered with 50 ml of water. On the third 
day of each period (days 3, 6 and 9), each subject consumed a breakfast consisting of two eggs fried in butter, 2 strips 

20 of bacon, 6 ounces of hash brown potatoes, 2 pieces of toast with 2 pats of butter and 8 ounces of whole milk Imme- 
diately following breakfast. 1x20 mg capsule was dosed, and blood samples withdrawn at the following times: 0 (just 
prior to dosing), 0.5, 1, 2, 3, 4. 6, 8, 10 and 12 hours. Additional serum samples were obtained prior to morning dosing 
on days 1 , 2, 4, 5, 7 and 8. Serum ziprasidone concentration was determined using a high performance liquid chroma- 
tography assay along lines set forth in Janiszewski et al., J. Chromatography B: Biomedical applications, June 9. 1 995, 

25 668(1). pp.133-139, and can be described as follows: 

[0030] Serum samples are prepared by weak action exchange on solid phase extraction (SPE) columns. Following 
conditioning of the SPE columns with methanol and aqueous acetic add, 0.5 ml aliquots of serum are added to each 
SPE column followed by 0.05 ml of an internal standard, typically 20 ng per 50 nl in 50% methanol/50% water. The sam- 
ples are aspirated through the column by applying vacuum and washed with small amounts of reagents such as aque- 

30 ous acetic add, methanol and 0.25% triethylamine (TEA) in acetonitrile. The samples are then eluted into silanized 
glass test tubes with a single column volume of solvent such as 1 .0% TEA in acetonitrile. After evaporating off the sol- 
vent (40 °C to 60°C under Ny, the dried residues are reconstituted in 40 nl of mobile phase (2:1 deionized water/ace- 
tonitrile with 0.05% trif luoroacetic acid and 0.08% triethylamine) for which the pH is adjusted to 0.5 using concentrated 
HCI. After centrifugation. these samples are analyzed using a Supelco Supelcosil™ LC-18-DB narrow-bore column 

35 maintained at 35°C utilizing a f tow rate of 0.27 ml/min and UV absorption at 21 5 nm. 

[0031] The mean particle sizes employed in the two capsule lots were 20 and 46 nm. Maximum observed serum 
ziprasidone concentrations (C max ) were estimated directly from the experimental data. T max (the time of first occurrence 
of c max) was noted. The area under the serum ziprasidone concentration-time curve from 0 to 12 hours post dose 
(AUC0-12) w ^s estimated using linear trapezoidal approximation. Relative bioavailability was estimated from the ratio of 

40 adjusted steady state mean AUCo_ 12 values comparing the 46 nm particle size to the 20 nm particle size. 

[0032] Visual inspection of the data indicated steady-state systemic exposures were attained by day three. No appar- 
ent differences were noted in pharmacokinetic parameters between males and females. It is noted that only a limited 
assessment of gender effects could be made as only three of the 14 subjects participating in the study were women. 
T max values ranged from 0 to 12 hours, however, mean values ranged from 5 to 8 hours across all treatments. No sta- 

45 tistically significant difference was observed for T max between the two treatments (p=0.63) and the adjusted mean T max 
values were 6.8 and 6.3 hours, respectively. Exposure (AUC) was similar for both particle sizes and the mean relative 
bioavailability for the 46 n™ capsules (compared to the 20 nm capsules) was 100.2%. Similarly, the ratio of adjusted 
mean C max values comparing the 46 nm particle size to the 20 jim particle size was 96.6%. 90% confidence intervals 
were AUCo_ 12 (89.1%. 112.7%) and C^ (86.0%. 108.5%). Thus. 20 mg capsules prepared using a larger particle size 

so (46 nm) provide equivalent systemic exposures to capsules prepared using the smaller particle size (20 pm). 

Example 2 

[0033] This example is comparative and further demonstrates the effect of ziprasidone hydrochloride particle size on 
55 systemic exposure of ziprasidone dosed in a capsule dosage form. 

[0034] Three lots of ziprasidone hydrochloride capsules containing 20 mg activity were manufactured (Example 3 
listed in Table 1) each utilizing a different ziprasidone hydrochloride lot possessing a different particle size, specifically 
a mean particle size (VMD) of either 20 nm. 84 nm or 105 nm. The capsules containing the 20 nm ziprasidone hydro- 
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chloride were from the same capsule lot as described in Example 3 

ing a breakfast consisting of two eggs fried in 2 strtos oSt T * 'Z Z J 5 ,mmediate| y afte ' c«»U"> 
Examples 3-Q 
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Example 10 
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speedThereactorwascJoTelS 

fip°r in i^o^ * rt ^^i^^ * u * ... ine aaanion was complete, the slurry was s ow v cooled frnm 



^ EXAMPLE 11 



25 gxanthan gum. 333.90 g xylitol 1 I^Sous^ 

acid as needed. P ,USted to 4 0 US,n9 aqueous sodium hydroxide and hydrochloric 
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mS ^ e^mple discloses a process for making a ziprasidone free base suspension 
Kk^w^ 

g of propylparaben vISJ^TSS *™ ? 6 tem P erature reached 70°C, 1 .36 g of methylparaben and 0.17 
To theSn^sX^Sea^ly a X^™?"* completely dissolved, the temperature was lowered to 40"C. 

dissolving the sucrose, temperature was lowered to 30°C. To the solution wS2 a fSo^StS £ , 
the solution was added 0 544 a of Dolvsortat* an Tn * a Li J ? w ^ 2 94 9 01 tr,sodlum citric salt. To 

Claims 



t or carrier. 



so 2. A common as defined in Calm 1 . wherein sad composition comprises ziprasidone hydrochloride monohydrate. 

3. A composition as defined in claim 1. wherein said mean particle size is equal to or less than 50 ^m. 

4. A composition as defined in claim 3. wherein said mean particle size is from 5 to 50 (l m. 
* 5. A composition as defined in claim 4. wherein said mean particle size is from 5 to 40 urn. 

6. A composition as defined in claim 5. wherein said mean particle size is from 5 to 30 w m. 
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chloride mean particle size fe 20^m equ^alent formulat.on drffenng only in that the ziprasidone hydro- 

2% (w/v) sodium dodecyl sulfate a^uimL^S JTif 7 ° f aqueous NaH 2 p 0 4 buffer. pH 7.5. containing 
therein dissolves within X rn^nutes ^"'^ * 75 ^ at least 70% <* ziprasidone 

ceutically acceptabie career, said ^ST225 a nTn AUG Sr c" 't^T ^ 3 Pharma " 
mean AUC exhibited by a composition ttUMal<^TZ* n J?M ^ max Wh,ch 18 at ,east 80% °* 
hydrochloride mean pa^e^S7S^ thal rthasa «WBI"e *prasidone 

10. A composition as defined in claim 9 wherein the particle size is defined in any of claims 2 to 6. 

ci^^oTe 1 ^ *™ « - -Pos«^n epuiva.ent to 100 mgA 

done hydrochloride therein d^ve^^inSet ^ * ?S ^ * ^ ?0% * » e 

12 -m e ;*x^ 

13. A process of preparing ,arge crystals of ziprasidone hydrochloride monohydrate. coring the steps of: 

2) heating the solution resulting from step (1)- 

3) adding HCI to the solution resulting from step (2)- and 

4) cooling the solution resulting from step (3). 

14. Aprocessasde^^ 

15 ' i£Z££ dS,lned " daimS 13 " 14 ' h ^ ™ *• temperature of said solution is maintained 

16. A process as defined in claim 15, wherein said temperature is 60-64*0. 
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